A novel graphene quantum dot (GQD)-based nanocarrier labeled with Herceptin (HER) and b-cyclodextrin (b-CD) was developed as a promising theranostic candidate for the treatment of breast cancer. Each component of this nanocarrier plays a critical role in providing multiple functions to achieve enhanced anticancer activities. HER provides active targeting to HER2-overexpressed breast cancer to enhance accumulation in the cancer cells. b-CD provides a site for loading of a hydrophobic anticancer drug, doxorubicin (DOX), via "host-guest" chemistry. The nanocarriers also provide diagnostic effects due to the blue-color emission of the GQDs. In response to the acidic environment of cancer cells, the GQD-complex degraded rapidly and the DOX was released in a controlled manner to inhibit proliferation of cancer cells.
Introduction
Graphene quantum dots (GQDs) are nano-sized carbon-based quantum dots having the physical and chemical properties of graphene. Due to their low cytotoxicity, GQDs have attracted much interest as promising alternatives to conventional semiconductor quantum dots composed of heavy metals such as cadmium, selenium, and zinc.
1 Moreover, their photoluminescence and biocompatibility enables GQDs to be used in biomedical and pharmaceutical applications, including molecular imaging, drug delivery, and photo-thermal therapy. [2] [3] [4] [5] [6] [7] [8] [9] Despite their advantages, their carbon-structure induced hydrophobicity is a major challenge for the use of GQDs. Therefore, many researchers have studied PEGylation, oxidation, or reducing the size of GQDs to avoid hydrophobic surface interactions and to improve biocompatibility. 10, 11 In this research, amine-functionalized GQDs (GQD-NH 2 ) were synthesized not only to enhance hydrophilicity but also to offer functionality.
12, 13 The formation of hydrogen bonding of amine groups with water molecules improved the colloidal stability of GQD-NH 2 and amine groups on the surface of GQDs were utilized to load biomolecules (proteins, antibodies, and nucleic acids), and anticancer drugs via facile coupling reactions. This unique property enables GQD-NH 2 to be used as a potential imaging agent and a drug delivery carrier for treatment of breast cancer.
Breast cancer is the most common female invasive cancer worldwide and its occurrence rates are rapidly increasing.
14 It is known that the survival rates for breast cancer decrease as cancer develops. Patients with early-stage cancer can have more treatment options. 15 Therefore, early diagnosis has become important to reduce the mortality of breast cancer and broaden treatment options. The main breast cancer treatments are surgery, radiation therapy, chemotherapy, and hormone therapy. However, these current methods have severe side effects including longterm sequelae, lymphedema, and hair loss. [16] [17] [18] Recently, targeted therapy has been identied as one of the more advanced approaches for the treatment of cancer due to its enhanced anticancer activity with reduction of side effects. 19 About 34% of total patients have HER2 (Human Epidermal growth factor Receptor 2)-positive breast cancer. 20 Abnormally amplied HER2 genes in breast cells overexpress HER2 on the surface of breast cells, leading to uncontrolled cell growth and division. 20 Herceptin (HER), an FDA-approved monoclonal antibody specically designed for anti-proliferation of HER2, 21 is one of the advanced approaches to target HER2-overexpressed breast cancer.
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Binding of HER to HER2 can not only inhibit intracellular signaling, but also induce immune response, resulting in a cellular apoptosis. 23, 24 Despite these advances, HER has a major challenge. It has very low antitumor efficiency. Many clinical trials showed that a combination of HER treatment with chemotherapy can enhance anticancer activity.
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HER-labeled GQD-based nanocarriers were designed for diagnosis and treatment of HER2-overexpressed breast cancer (Scheme 1). The blue-color emitted by GQDs can be used to detect the location of a tumor in the body. This photoluminescence is important to improve survival rates of breast cancer patients by providing for early diagnosis. The GQDs were loaded with HER and a model anticancer drug doxorubicin (DOX) in order to provide for treatment of HER2-positive breast cancer. HER allows for selective targeting of nanocarriers to HER2-overexpressing cells, leading to effective accumulation in the cancer cells with limited exposure towards normal tissues. The accumulated nanocarriers enable for the diagnosis of cancer using the optical properties of the GQDs which present a blue-color emission. Simultaneously, these nanocarriers release DOX to inhibit proliferation of cancer cells. This multi-functional drug delivery system leads to a synergistically enhanced anticancer activity.
Experimental section

Materials
L-Glutamic acid (99%) was purchased from Sumchun Pure Chemical Co. Ltd (South Korea). 1,1 0 -Carbonyldiimidazole (CDI, >97%), 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide (EDC, >97%), 4-dimethylaminopyridine (DMAP, >98%), N-hydroxysuccinimide (NHS, 98%), and doxorubicin hydrochloride (DOX, -NH 3 + Cl À salt form, 98.0-102.0% (HPLC)) were purchase from Aldrich. b-Cyclodextrin (b-CD, >98%) was purchased from TCI. Herceptin was purchased from Roche. RPMI (Roswell Park Memorial Institute) 1640, fetal bovine serum (FBS), Dulbecco's phosphate-buffered saline (DPBS), trypsin-EDTA (TE), and penicillin-streptomycin (PS) were purchased from GIBCO BRL (Invitrogen Co., USA). HEPES (Product # H4034) and sodium bicarbonate (Product # S6297) were purchased from Sigmaaldrich. Lysotracker (Product # L7526) was purchased from Thermo Fisher Scientic. Unless otherwise indicated, reagents were used as received.
Instrumentation and analysis
Fluorescence spectra were collected on a Shimadzu RF-5301PC in the wavelength range of 380-800 nm and the slit width for both excitation and emission was 5 nm. UV/Vis spectra were collected on Shimadzu UV-1650PC using a 1 cm wide quartz cuvette. TGA measurements were carried out using a TA Instruments 2960 SDT V3.0F. Typically, aliquots (2-6 mg) of dried GQD-NH 2 , GQD-bCD, GQD-comp were placed in a platinum pan inside a programmable furnace. The sample was heated from 10 to 800 C at a heating rate of 10 C min À1 under nitrogen ow. Percentage of weight loss was then calculated. FTIR spectra were recorded on a high tech Thermo Scientic Nicolet 380 spectrometer (USA) using KBr Pellet technique with scanning in the wavenumber range 400-4000 cm À1 . The number-average diameter of GQD, GQD-HER, GQD-bCD, GQDcomp in distilled water was measured by DLS at a xed scattering angle of 90 at 25 C using a Malvern Instruments Zetasizer Nano S 90 (ZEN1690, UK) equipped with a 633 nm He-Ne gas laser. TEM images were taken using a eld-emission transmission electron microscopy (FE-TEM, JEM-2100F, JEOL, Japan) operated at 200 kV. Each TEM sample (0.1 mg mL À1 ) was placed on a 400 mesh carbon-coated copper grid, blotted and then allowed to air dry at room temperature. The morphology the aqueous dispersions of GQDs-NH 2 and GQD-comp at 0.25 mg mL À1 was observed using a JSM-7610F eld-emission scanning electron microscope (FE-SEM, JEOL, Japan), operating at an accelerating voltage of 200 kV.
Synthesis of GQD-NH 2
Amine-functionalized GQDs (GQD-NH 2 ) were synthesized by pyrolyzing L-glutamic acid using a previously reported method with minor modications. 26 Briey, 2 g L-glutamic acid was added to a glass bottle and heated to 110 C using a heating mantle. The solid L-glutamic acid changed to a liquid, and the boiling colorless liquid turned brown, which indicated the formation of GQD-NH 2 . Then, 10 mL water was added to the solution followed by stirring for 30 min. The solution was then cooled to room temperature, centrifuged at 10 000g for 30 min, and the supernatant was collected and lyophilized.
Synthesis of GQD-bCD
The puried, dried GQD-NH 2 (500 mg) dissolved in PBS (5 mL) was added drop-wise to a solution of bCD (3.6 g, 3.2 mmol) and CDI (516.6 mg, 3.2 mmol) in PBS (5 mL). The resulting mixture was stirred at 50 C for 4 days. The solution was ltered and the ltrates were then dialyzed using a dialysis tubing (MWCO ¼ 1000 g mol À1 ) against DW for 2 days to remove residual byproducts. The puried GQD-bCD solution was lyophilized and stored at room temperature until further use. Yield ¼ 232.5 mg.
Scheme 1 Preparation of DOX-loaded HER-labeled GQD-based nanocarriers and its drug release via cellular uptake for active targeting of breast cancer cells.
Synthesis of bCD-GQD-HER conjugates (GQD-comp)
A mixture of GQD-bCD (84.7 mg) and DMAP (60 mg, 0.49 mmol) dissolved in DMSO (5 mL) was added into a solution of HER (127.0 mg, 0.9 mmol) and EDC (762 mg, 4.9 mmol) in DMSO (5 mL). Aer stirring for 1 h, NHS (60 mg, 0.49 mmol) was added and the resulting mixture was then stirred at room temperature for 20 h. This solution was dialyzed using a dialysis tubing (MWCO ¼ 1000 g mol
À1
) against DW for 2 days and ltered through 0.45 mm lter to remove aggregates. The Bradford assay was conducted according to standard protocol to determine the amount of HER. 27 The puried GQD-complex solution was lyophilized and stored at 4 C until further use. Yield ¼ 89.3 mg.
Preparation of DOX-loaded GQD-comp (DL-GQD)
A solution of GQD-comp (50.0 mg), DOX (5 mg), and Et 3 N (3.60 mL, 3 molar equivalents to DOX) dissolved in DMSO (3 mL) was stirred at room temperature. Aer 2 h, PBS (57 mL) was added drop-wise to the GQD solution and stirred at room temperature for 24 h. The resulting mixture was transferred into a dialysis tubing (MWCO ¼ 1000 g mol À1 ) and dialyzed against DW (2000 mL) for 20 h. To determine the loading capacity (LC) and encapsulation efficiency (EE) of DOX, an aliquot of the DL-GQD was mixed with 3 mL DMF and its UV/Vis spectra was measured at l ex ¼ 496 nm. LC and EE of DL-GQD was calculated as follows;
2.7. pH-triggered release of DOX from DL-GQD 3 mL DL-GQD solution in pH 7 PBS (1 mg mL À1 ) was placed in a dialysis tubing (MWCO ¼ 1000 g mol À1 ) and then dialyzed against 50 mL PBS buffer (pH 5.5). As a control, the same procedure was conducted in pH 7.4 PBS buffer. In order to prevent decomposition of DOX during the release experiment, the sample was kept in the dark. At each selected time interval (2, 8, 17.5, 22.5, 28.5 h), 1 mL of dialysate was taken and an equal volume of fresh PBS buffer was replaced. It was diluted with DMF (1 : 3 v/v). The absorbance was measured using a UV/ Vis spectrometer and compared to a standard curve. For quantitative analysis, the equivalent amount of DOX encapsulated in DL-GQD was dissolved in a mixture of PBS and DMF (1 : 3 v/v) and its UV/Vis spectrum was also recorded.
Cell culture
The human breast cancer cell lines, BT-474 and MCF-7, were purchased from Korean Cell Line Bank (KCSB, South Korea Aer incubation, a solution of GQDcomp, DL-GQD, and free DOX in PBS at different concentrations were treated and incubated at 37 C. Aer 48 h, 100 mL of CCK solution was added into each well and the plate was incubated for 2 h. The absorbance was measured at 450 nm using a Benchmark Plus microplate spectrophotometer (Biorad, BR170-6930).
Confocal laser scanning microscopy (CLSM)
A total of 5 Â 10 3 BT-474 cells per well were seeded into a 6-well plate and incubated at 37 C for 72 h. They were then treated with 10 mg mL À1 DL-GQD in PBS and 2 mM LysoTracker Green DND-26 at 37 C for 14 h. The wells were washed with PBS three times to remove the free particles. Aer the removal of supernatant, the cells were xed with 4% formaldehyde solution at room temperature for 20 min. The images were obtained by confocal laser scanning microscope (CLSM, Nikon C1Si, Japan).
Results and discussion
Synthesis of GQD-NH 2 and GQD-comp
Scheme 2 illustrates our approach to synthesize well-dened GQD-based nanocarriers consisting of b-CD and HER on the surface (GQD-comp). First, blue-color emitting GQD-NH 2 were synthesized using a bottom-up method. The main advantage of this method is that a natural L-glutamic acid was used as a precursor, based on a previous method with some modications. 26 In fact, many researchers have struggled to optimize the synthetic method of GQDs. Generally, GQDs are synthesized by condensation of aromatic compounds in a liquid phase, which is known to be a cumbersome technique that is difficult to purify. 30 GQDs can also be prepared from carbon ber using a mixture of sulfuric acid and nitric acid to breakdown the planar structure of graphene. 31 However, this alternate conventional methods still has the same drawbacks as mentioned earlier. To circumvent the limitations of the previous methods, a new method to generate GQDs from various organic molecules, including citric acid 32 and glucose 33 was developed. These precursors are biocompatible, cheap, and commercially available. Among these molecules, we have found that L-glutamic acid is the best precursor for the synthesis of well-dened GQD-NH 2 . Using rhodamine B as a reference, the quantum yield of the GQD-NH 2 was determined to be 24%, which is signicantly enhanced as compared to previous reports.
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Amine groups on the surface of the GQD-NH 2 were further utilized to conjugate to the hydroxyl groups of b-CD via a facile CDI coupling reaction. b-CD, a type of cyclic oligosaccharide, can work as a drug pocket for delivery of hydrophobic drugs due to its hydrophobic cavity and hydrophilic surface. 34 Partially graed b-CD on the surface of the GQD can not only enhance the water dispersity of the GQDs, but also solubilize the hydrophobic DOX via host-guest chemistry. The puried GQDbCD was then used to synthesize GQD-comp via an EDC/NHS coupling reaction in the presence of HER. A carboxylic acid group of HER can form an amide bond with one of the amine groups of GQDs, resulting in successful graing of HER on the surface of the GQDs. Both ester and amide bonds between b-CD/HER and GQDs were cleaved in response to the acidic environment of breast cancer cells, leading to a rapid and controlled release of DOX.
Characterization of GQD-NH 2 and GQD-comp
Well-designed GQD-NH 2 and GQD-comp were characterized using UV/Vis, uorescence spectroscopy, TGA, and FTIR (Fig. 1) . First, UV/Vis spectroscopy was conducted to conrm the successful surface modication of GQD-NH 2 with b-CD and HER (Fig. 1a) . A broad peak at 323 nm indicates the major uniform size of the sp 2 clusters in the GQD-NH 2 even though these sp 2 clusters were doped in the sp 3 matrix. 33 The maximum absorption of GQD-bCD showed a blue-shi (250 nm) aer conjugation with b-CD (264 nm). Aer the EDC/NHS coupling reaction with HER, the peak of GQD-comp was shied toward a longer wavelength (284 nm), corresponding to the absorption peak of free HER (280 nm). This red-shi of the maximum absorption of GQD-comp indicated the successful conjugation of GQD-bCD and HER.
The blue-color emission properties of GQD-NH 2 and GQDcomp were evaluated using uorescence spectroscopy (Fig. 1b) . When the GQD-NH 2 solution was excited at 370 nm, the emission peak at 450 nm, which is in blue light range, was observed. In addition, the emission peak of GQD-NH 2 was shied to redcolor emission region as tuning the excitation wavelength from 300 nm to 510 nm (Fig. S2 †) . This blue-color emission and tunable uorescence properties not only provide a good cell penetration property for deep tissue imaging, but exhibit low cytotoxicity, which is important for bio-imaging applications.
26,35-37 A similar result was obtained from the GQD-comp under the same condition. A strong blue light was also observed when the GQD-NH 2 and GQD-comp solutions were exposed under an UV lamp at 365 nm (Fig. 1b (inset) ). Such excellent photoluminescence property can be attributed to a large stokes shi (450 nm emission À 370 nm excitation ¼ 80 nm) which enables the GQD-comp to detect tumors as an optical probe for bio-imaging applications. The continued existence of GQDs in GQD-comp was easily conrmed by observation of blue color aer surface modications with b-CD and HER.
Chemical bonds on the surface of GQD-NH 2 , GQD-bCD, and GQD-comp were characterized using FTIR (Fig. 1c) . Two peaks observed at 3305 and 1720 cm À1 in the spectrum of GQD-NH 2 corresponds to N-H bonds, indicating that the prepared GQDs-NH 2 is rich in NH 2 groups. 38 These peaks also suggest that the GQDs-NH 2 is hydrophilic with enhanced colloidal stability in water. 39 An energy dispersive X-ray spectroscopy was conducted to quantify the amount of N in the GQDs-NH 2 (Fig. S1 †) . GQDbCD possessed three new peaks at 3387, 1658, and 1157 cm loss of water molecules up to 100 C. The second major weight loss started at 170 C, which is lower than GQD-bCD. This corresponds to the degradation of free HER (170 C). This result indicates that HER was successfully conjugated with GQD-bCD. The size and morphology of GQD-NH 2 and GQD-comp particles were examined using DLS, FE-SEM, and FE-TEM. The DLS (Fig. 2a and d) and SEM results (Fig. 2b and e) indicate that the particle size of GQD-comp was signicantly increased (222 nm) aer surface modication of GQD-NH 2 (26 nm) . This size is in the optimal size range for nanoparticles used as drug carriers. 44 The TEM image of GQD-comp in Fig. 2f displays the thickness of the surface modication layer (b-CD and HER) which was determined to be 6-7 nm. In addition, the lattice spacing of GQD-comp was determined to be 2.5Å which is comparable to that of GQD-NH 2 (Fig. 2c) . This indicates that the GQDs maintained their stability aer surface modications.
In vitro cytotoxicity and selective targeting of GQD-comp
Biocompatibility and active targeting efficiency are important properties of cancer-targeting drug carriers for enhanced anticancer efficacy and reduced side effects. It is known that the HER2 level is found around 20 000 per cell in normal breast cells and it is over 100 times more common in HER2-overexpressed breast cancer cells.
45 This signicant variation in HER2 level has promoted the development of HER-containing drug carriers for the treatment of breast cancer cells. 46, 47 Fig. 3 shows the cell viability of MCF-7 and BT-474 cells in the presence of GQD-comp at different concentration (0, 20, 100, 200, 300, 500 mg mL
À1
). MCF-7 and BT-474 are HER2-negative and positive breast cancer cell lines, respectively. Cells were incubated with GQD-comp for 48 h and their viabilities were evaluated using CCK-8 assay. The viability of MCF-7 was >95% up to 500 mg mL À1 indicating low cytotoxicity of GQD-comp, whereas the viability of BT-474 gradually decreased with increasing concentration of GQD-comp. Interestingly, the cell viability difference between MCF-7 and BT-474 cells increased as the amount of GQD-comp increases. For example, the viability of BT-474 was lower than MCF-7 at 20 mg mL À1 (<5%) and it became >35% when the concentration of GQD-comp elevated at 500 mg mL À1 . This indicates an excellent selective targeting property of GQD-comp. These in vitro results suggest not only good biocompatibility of GQD-comp, but also enhanced active targeting efficiency against HER2-positive breast cancer.
Loading of DOX and pH-/temperature-triggered release of DOX from DL-GQD
The resulting GQD-comp was evaluated as a tumor-targeting drug delivery nanocarrier with a pH-responsive controlled release of drugs. DOX, a poorly water-soluble anticancer drug, was loaded into the hydrophobic cavity of b-CD via host-guest chemistry. Excess free DOX was removed by dialysis against DW for 20 h. UV/Vis measurements were conducted to determine the LC and EE of DOX in the resulting DL-GQD. An extinction coefficient (3 ¼ 12 800 M À1 cm À1 ) was rst obtained from a calibration curve of a series of DOX concentrations in the mixture of DW/DMF ¼ 1/3 (v/v) at l max ¼ 496 nm (Fig. S3a †) . Using the Beer-Lambert equation, the LC and EE of DOX in DL-GQD was determined to be 5.3 AE 0.2% and 53.2 AE 3.2% at the initial ratio of DOX/GQD-comp ¼ 1/10 wt/wt (Fig. S3b †) . Considering the content of b-CD in GQD-comp (36 wt% determined by TGA), the LC of DOX in DL-GQD was determined to be around 15%. Increasing the content of b-CD in GQD-comp can enhance the LC in DL-GQD.
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Controlled and rapid release of drugs is essential to achieve successful applications of drug delivery systems. To mimic lysosomal and physiological conditions of tumor tissues, the DOX release prole of DL-GQD was evaluated under different pH (5.5 and 7.4) at 37 C. As shown in Fig. 4 , about 70% of DOX was released from DL-GQD at pH 5.5, while only 20% of DOX was released at pH 7.4 within 28 h. Interestingly, this drug nanocarriers also showed a controlled release prole in response to temperature. When the temperature was raised from 25 to 37 C at pH 5.5, approximately 60% of cumulated DOX was increased within 28 h. This dual stimuli-responsive drug release prole can be employed via two main mechanisms. First, it is known that the formation of b-CD inclusion complexes with hydrophobic drugs is strongly affected by pH and temperature. 49 In addition, hydrolysis of ester and amide bonds from GQD-bCD and GQD-HER can be elevated by decreasing pH or increasing temperature. 50 This remarkable result indicates the great potential of pH-and temperature-responsive GQD-comp as tumor-targeting drug carriers. These provide for a rapid and controlled release of anticancer therapeutics.
Intracellular trafficking and bio-imaging efficiency
Photoluminescence is one of the most important properties of GQDs in terms of how they are used as bio-imaging probes.
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Well-dened GQD-comp was evaluated as an effective tumortargeting diagnosis agent and a drug carrier. The intracellular uptake and distribution of GQD-comp and DOX-loaded GQDcomp (DL-GQD) in BT-474 cells was observed using CLSM (Fig. 5a and b) . BT-474 cells were incubated with GQD-comp (1 mg mL À1 ) and DL-GQD (10 mg mL À1 ) for 14 h. The free DOX was designed to be the same amount of DOX in DL-GQD and it was also treated on BT-474 cells as a control (Fig. 5c) . In order to avoid interference with the blue-color emitting GQDs, the lysosomes were selectively stained with Lysotracker dye, which showed a green color. Aer 14 h of incubation with GQD-comp, a strong blue signal was observed in BT-474 cells as compared with MCF-7 cells (Fig. S4 †) and it was overlaid with the lysosome image. This indicated the successful internalization of GQD-comp in cytoplasm. When BT-474 cells were incubated with DL-GQD, a strong red-color signal, corresponding to the entrapped DOX in DL-GQD, was displayed in lysosomes and its intensity was comparable to that of free DOX. This also presented an effective intracellular uptake of DL-GQD. Interestingly, distributed DOX from DL-GQD and free DOX gave similar localization in the cell lysosome. This indicates that DOX was rapidly released from DL-GQD aer cellular uptake. These CLSM results conrm that GQD-comp is a promising candidate to be used as an effective theranostic agent for HER2-positive breast cancer treatment.
In vitro apoptosis of DL-GQD
Many researchers have reported that low anticancer activity of HER can be promoted when it is used along with chemotherapeutic agents such as DOX and paclitaxel. 52 To determine the synergistic effect of dual delivery of HER and DOX, the in vitro cytotoxicity of DL-GQD was compared with free DOX using CCK-8 assay. Cell viability results (Fig. 3) indicate that empty GQDcomp exhibited >90% of BT-474 cell viability. This suggests a low anticancer activity of HER in GQD-comp even at doses up to 100 mg mL À1 . However, the BT-474 cell viability signicantly decreased with an increasing concentration of DL-GQD (Fig. 6 ). For example, when the BT-474 cells were incubated with DL-GQD at 100 mg mL À1 , the viability reduced to <30%. This signicant decrease in BT-474 cell viability provides that DOX was effectively released from DL-GQD and inhibited the cellular proliferation of BT-474 cells, leading to successful apoptosis. As compared with DL-GQD, the viability of BT-474 incubated in the presence of free DOX gave lower values at the same concentrations. These results are consistent with other studies showing that the cellular uptake of free DOX occurs via a passive diffusion leading to higher cytotoxicity. However, the DOX-loaded nanocarriers were internalized into cells via endocytosis. 53 These promising results from in vitro cytotoxicity conrmed not only that GQD-comp is an effective candidate for cancer-targeting drug delivery, but also that this combination strategy of HER and DOX can circumvent the low anticancer efficiency of HER. This system leads to a pronounced apoptosis of HER2-overexpressed breast cancer.
Conclusions
In conclusion, novel HER-labeled GQD-based drug nanocarriers were designed for use as promising theranostic agents for targeting of HER2-overexpressed cancers. GQD-comp was synthesized via a facile coupling reaction and it can form an inclusion complex with DOX by the b-CD on the surface. The blue-color emission of GQD-comp enables the diagnosis of breast cancer and HER allows for effective, targeted accumulation in HER2-overexpressed cancer cells. pH-and temperature-responsive release of DOX from DL-GQD inhibited the proliferation of cancer cells and this combination strategy of HER and DOX promoted the anticancer activity of DL-GQD. This multifunctional drug delivery system offers versatility in cancer targeting and enhanced drug delivery applications.
